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BASIC CEARACTERISTICS OF THERMAL RADIATION FROM AN ATOMIC DETONATION
SUMMARY '

CEMERAL
v Thonsultaofureeentmmdm.nuofmuctuu
ﬂn‘ough m.sm on the basic characteristics of thermal
radiation from atomic detonations, namely: total ther-.‘l. energy :
| release, time-intensity, and spectral dintﬂbtxﬂm, are presented
for two types of burst: air and surface.
‘1. Mr Burst o

a. The basic chncteruuc- of thu-nl ruua.tion from air
thmmofﬁemltolwnqmmcmidmdtobem
with an accuracy of 10 per cent.

b. The totdthernlenergrelemdbycaonn.ponh

AN u, or 37 per cent thermsl efficiency, and u increases as the
O o pover of the radiochenicul yield.

‘e. The times of the minimum and oecoulnn-n intansity B
'sel.leutheoSpoveroftheratioofthetotdyielﬂctorm
yields greater than 10 KI. It is thought that smaller yield veaﬁonn
of opentiond. design will also scale. A normalized plot of the
thermal pulse shape s given vhich is the same, vithin I 15 per cent,
for all yleld veapons sbove 10 KT.

' d. It is postulated that the intensity in the seccnd maxi-
mm scales as the 0.5 pover of the ratic of the weapon ylelds. A
. generalized thermal pulse dased on 0.5 power scaling of both time

11z
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SECRET
and 1~n€em’i~t«y. is given. “ U
v e. The average color temperature for all bursts is
o0 o’ K. -
£. It is postulated that these characteristics vill prevail
for air bursts of all weapon yields up to 10 M. Althougﬁ the high
yield data are sparse and erratic, they are not obviously in conflict
* with this postulation.
g+ These chara.cteristiéo apply to an airburst at a height
‘such that the reflected shock wave does not reach ﬁbe fireball until
after most of the thermal radiation bas been enitted. Early arrival
of the reflected shock distorts the fireball and may reduce the colar
temperature and the total energy emission of the lower portion of the
fireba.ll.“v
2. Surface Burst (Detonation on the earth's surface)
a. The thermal 'energ received from a surface burst s
_ approximately one-third that of an air b;x_x-é_t of the same yleld vhen
the redtochenteal yield 1s less than 250 KT. When the radiochemical
| Yield is 1 MT or greater, the total thermal energy is approximately
two-thirds that of an air burst of the same yleld. PFor total weapon
yields detween 250 KT and 1 MT, the thermal yleld may be expected to
fall htmn one-third and tvo-thirds that of an air durst.
b. The indications are that time of the minimm intensity
of the thermal pulse from & surface burst is the same as that of an
air durst. The time of the ucond-n-notnunrfmbuntuy

v
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also be the sems as that of an air burst. At this time, this is only

an u-u-ytion based on & 10 MT surface burst and tower shote of °
" various ylelds vhich agreed within * 20 per cemt. Surface detonations
of wqont with yieldo in the megaton rangs hnve_”the sxme pormalized
pulse shape as air bursts. |
c. 'nn average color te-poratm of [ 3 ourf.cc bunt of any
yleld 1s approximately 3000° K.
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BASIC CHARACTERISTICS OF THERMAL RADTATION FROM AN ATOMIC DETONATION

A. INTRODUCTION _

" a. Over a period of years, besic thermal measurements
have been made at all full-scale nﬁponb test series. The hjority '
of tests have been of weapons with yields in the range 1 ¢to 100 KT,
with limited tests up to 10 MI'. These meumnt; ﬁre ‘made to .
eoiahliuh the basic characteristics: total tw emrgj, tine-v
intensity, and spectral distxﬁbutibn for a large range of weapon
yields, and to determine empirical sca.liné rela.tiono_hipc » usually
referred to as scaling laws, to permit pre&iction of these charac-
teristics for an atomic detonation of a.ny’y‘ield. ‘

b. Two agencies, Naval Radiological Defense m&atou-y
and Raval Rése_drch Laboratory, have been t.he principal perticipants
for the Department of Defense and the Atomic Energy Commission.

' More recently, the Department of Brxgimering, University of |
California, Los Angeles, has conducted such‘neasurenents at several
shots. In July 1953, vorking groups n'on these agencies conﬁmd-
for the purpose of correlating all comparable data. The results of
this conference form the basis tor_ this paper. | |

B. DISCUSSIOX |

1. Total Thermal Energy®*

a. The total thermal ebergy per unit area vas peasured at

*The term "total thermal energy” 1s used to designate the integrated
radiant energy eaitted by the firedall during the wmain radiant pulse.

1l
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varicus distances with & variety of dlack body integrating instru-
ments at atomic detonations, thotculvoqon yiald.i' gfvhichﬂrid
from 1 KT to 10 M7, Mcaumaecmctodforamcgﬁmf
tion snd integrated over s sphers the radius of vhich vas the dis-
‘tance from the point of detonation to the instrument location, to
obtain the total thermal energy rsdisted by the firebell for & given
yield weapon.

. m,wtmmm-mmtmu,m-'
mmmmﬁQt-dnthow. In some cases, two
ﬁm.w&u prticipfod. st a single shot; in others, jJust one
was present. A copper disk calorimeter was developed st the Naval
Badiological Defense Laboratory for messuring energy per unit ares
uthcmgnlto%al/aznthttmkeomtmtofmaonln-

seconds and & 90° 1414 of view. The Naval Research Ladoratory pro-
Ject personnel employed highly sensitive thermopiles with 100 fiela
of viev, thermocouples, and blackened sphere radicmeters (a unique

- NRL design). The group at the University of cn1foma, Los Angeles,

used a thermopile of its own dssign with a time constant of about 15
seconds for the continental shots, and sbout 15 minmutes for the IVY
Operstion. KRDL's instruments were usually located within a few
Wyu'diofthe fireball for a naminal bomd. NRL'S measure-
merts were made at various locations from a few hundred yards to a
station spproximately 10 miles from detonations at the Nevada Proving

¥ Hadlochemical ylelds, with exception of the Mike Shot, where fire-
ball diameter analysis was used.

2
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Crounds. UCLA's instnments were deaig;e_d primarily- for aircraft
installation, 10 to 20 miles dfstant. |

c. The type and magnitude of the corrections epplied to
the data before ca.lculating the total thermal yield were dependent
"~ upon the distance and location of measurement and the tranniuion
properties of the atmosghere. In the past both NEDL and NRL's data
were corrected for atmospheric attenuation as determined by wtu&'l.
transnissioﬁ measurements. In additionm, mfg data were corrected
for the enery received by scatter, as a function of the field of
viev. The scatter correction was assumed to be x'xegliy.ble for. |
NRDL's data, since it was obtained at distances that were small
canpaxed to the visibility. | |

1. In comparing *he results of these agencies, when more
than one participated at a shot, 'ertain -diacrépanéiea vere found.
In some j.nstances the difference between eatimates of thermal yield
- was 25 per cent or more. Since the inherent error in each instru-
_men-tat:lon system‘. is .estimated to be +10 per cent, the atmospheric
attemuation correcfions vere re-exanined. It was found that con-
siderable error rés_ulted from neglecting the water band absorption
of infrared when the distance of transmission was two miles §r more.
As the spectral distridbution of energy has nov been determined for
the majority of shots, the amount of infrared absorption can be
calculated. Application of this. correction increased RRL's

calculated values and brought them into accord vith those of ERDL
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for sll shots except the King Shot at Operation IVY. KRDL's fimal = [
data were lllo. corzected for fieid of viev and Mméd.absorpuon, |
- l.ltbough the corrections were less than 10 per cent due to the short
path lengths compared to the visibility at qoﬁtinéntal .test's. 4
Measuremcnts made from sircraft st air bursts imvolve an additfonal
correction factbi- for the increased incident energy due to reflection
from the ground below the Mt. The amount of energy received by
reflection is mot resdily calculsble at this time. Experimental
measurements have inlicated that in Nevads it may be on the order of
50 per cent of that received dy direct transmission for a receiver .
at an altitude which is large compared to the height of burst. At
 Enivetok, the albedo of water is much lover than that of the desert. -
However, in low air dursts, the water shock pasiing through the ntef
churns up & froth vhich produces an albedo that is considersbly higher
than that of the desert. It is ectinﬁted that the average effective
albedo might approximate that of the desert. Therefore, a factor of
50 per cent was used to correct all of NRRDL's data from airborne
ingtruments in _add:ltipn to the attenuation and scatter corrections.
.e.r The corrected data of all three agencies for Operations
GREENHOUSE, BUSTER, TUMBLER-SNAPFER and IVY are given in Table I.
When data from more than one agency existed for a single shot, the
tvei-age was generally used %o deterhin'e-'the air burst scaling curve
shovn in Figure 1. UCLA data for SMAPPER Shots 6, 7, and 8 were not
averaged with the NRL data decause -they vere obtauied as a check-out

of the minnent&tion in preparstioan for Operation IVY. The
Y
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TUCAL THERMAL SNERGIES FOR VARIOUS ATOMIC DETONATIONS

 SEGRET

TABLE I

T TR T

. Yield | Agency _
Operation Shot {xT) NRL NRDL UCLA
GCREENHOUSE Dog . 82.9 17.6
: Easy %.7 12.3
George 21!’.5 39.0 )
Item 45,7 11,0 /
EUS1IER Baker 3.48 1.3
: Charlie 1Lk.0 5.66 6.1
Dog - 21.0 7.5 8.2
Fasy 3.k 10.6 1.8
TUMBLER- 1 1.05 0.46 0.51
SHAPFIR 2 1.15 0.485 c.hk9
3 30.0 9.0 10.9
L 19.6 6.0 6.9
5 1.7 3.9
6 n.k - k.25 5.9
T 13.8 5.2 5.9
8 1k.0 %95 k.95
vy . Mike 10,000 1650 1500 1730
o King ' 550 8o 240
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mousztam--imau‘m-hmnngmlfqr e&upanﬁn
parposes only. The scaled heights of burst Tor i.hen shots ﬁr:led;
all were considerably less than those of air bursts, snd the thermal
- characteristics deviste significantly from those of an air burst.
The low yleld tower shots at Operation SNAPPER were very close to
 air bursts (as defined in T 23-200), and the total thermal energles
agpear to be typlcal of air bursts. The slope of the sir burst
m cuxve is 0.9%, and its equaticm is Es= BB * e sceur-
uyue-tmmfobe;lommtm-mm-ofmcn
yields up to 100 KT, For detonstions of radiochemical ylelds
greater than several hunired KT, the error may be as great as 50 per
cent. _

f. The scaling law was extrapolated to the megatom yield
range vithout axy true high yleld air burst data. While the data
tiﬁmemgmmhsnots(umnein-otvhie;mssonm
|10 MT, respectively) are mot directly applicable to the development |
of an air burst scaling law, they indirectly temd to substantiate it.
Data cn the King Shot were obtained by NRL with inat.run'entl located
on the ground, and by NRDL from measurements made from aircraft
flying above the burst. The estimates of total thermal energy for
this shot were redically different. NRDL calculated 240 thermal KT,
_which 1s greater than predicted by the air burst sceling law, NRL -

TE, total thermal energy released, KT.
W, total weapon yield, XT.
All syadols are given in Nomenclature, page 21,

T
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determined the total thermal energy to be 80 KT, which 1s consider-~
ably lesa than expeéted frﬁn an air burst. _Each t.h&nl ylield

‘ datemination was consistent with the Stefan-Boltzasn theoretical cal-
cuhtion using the average color t@orsturc as datcﬂimd indepen-
dently by each laboratory (see Section 3), NRL's instruments viewed
the side of the fireball, and those of NRDL, the top. 1he color
‘temperature NAL sev vas 3300°K. NRDL messured 52509K. The King Shot
was detonated at an altitude such that the fireball would Just clear
the ground vhen it reached its maximm rsdius. Fireball movies show

_ that the fireball began to be flattened on the bottam at sbout 0.1

second after the minimm, and as it contm‘uedtogrov:tbecm
almost hemispherical in ahapg. The time at vhich it began to
flatten coincides ﬁth the time at which the reflected shock wave
r&ched it. 'ihe distortion in shape of the firebdl is characteris.
tic of that produced by the passage of the reflected shock wave
through the fireball. In view of the change of color temperature
produced and the change in fireball ares, which contributed to each
of the energy measurements, it is ressonable that they should fall
on either aide' of the air burst scaling curve, wvhich passes through
160 mrv at 550 KT total weapon yield.
g. The air burat scaling lav vas dased on the premise that

the fireball remained apherica.l throughout the major thermal pulse,
- which originally was thought to be linited to the he!@t of durst at
vhich the fireball did rot touch the ground. It has become obvicus

that for thermal effects vork an air bdurst is more properly defined
' ' 8
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the fireball until after most of the thermal energy has been emitted.
For any lower beights of burst, it may be expected that the energy
"nceivedonthcmunbolu.-mmo&bym-drm

-mm,m&tmwmimmmm_ﬂnm '

that predicted, due to firedall distortion. |

h. The Mike Shot was a surface burst, mwm
mcnmmzouﬁsom-’_lgpam. This 1s higher then pre-
dicted for & swrface burst on the dasis of low yield surface bursts,
but lower than the extrapolated air burst scaling law. This may de
.mtomthumlmmwmmhum:ndnyciutm
ofthourthbutvmntﬂoobmtm&mtmmlbym
Itmoblmodth;ttheheightofmdnltnmtmmhmof =
thcﬁrebd.lmnqmlwredtothcxﬁiuofthehw
jvfirebm 'medinzterottheﬁ.rebd.l-tthebuemequvdm

to a 23 MT air burst. neintegnteacourtqmmeottherm-

ball surface was consistent with that of a low yleld lu.rtaccburat:
about 3000°K. Since the rate of emimsion is proportional to T B2 ',
the enlarged dismeter or radius did not compensate for the decreased
temperature, and the total thermal yleld vas one-third less than that
 predicted for an air burst of the ssme total yleld.

i. In the “Capabilities ovatmie Weapons" (revised o:t.ébor
1952) it is stated that cne-third the total thermal energy for an

¥T, absolute temperature, °K
R, fireball radius, cm

9 L 4 .
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>,l1rmunbeobmudm.datomtionofthe:mrauo-
éhclulyicm"bwatronthourth's nwfuo,nndthiﬁjfor-hntd_
 ntermediste to the surface and air, linear interpolation based
on the scaled height of burst should be used. Analysis of the
tower shot (hts'given and the JANCLE surface shut results was the
‘tasis for Me Ml,mdtheymbeneved nlid for detona-
tions up to spproximstely 250 KT in yleld. However, the Mike Shot
'aaumeuevmentmtthqaomtamtoupmﬂmweapon
detonations. It urecm, for the preumt, that two-thirds
the air burst thermal yleld be used for the thermal yleld from sur-
face bursts of megaton yield weapons. For ylelds intermediate to
250 KT and 1 MT, the factor may be expected to be between one-third
and two-thirds.

Time-Intensity Characteristics
8, The radiant energy from the fireball is emitted at vary-

ing rates, as described by the time-intensity curve, vhich is charac-
terized by an extranely rapid rise to the first maximm and declige
to the ‘m‘, folloved by a moderately rapid rise to the second
maxioum and a gradual decline. The second portion of the time-
intensity curve, during vhich 99 per cent of the energy is emitted,
18 of prizary interest.

b. KRL and KRDL measured the variation of radiant intensity .

vith time at BUSTER, TUMBLER and IVY tests. For the BUSTER series,
. NRDL Qetermined the second pulse shape by differentiating the

integrated calorimeter curve. At the later test series, NRDL
10
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obtained direct time-intensity records with & foil radiometer with a
time constant of 13 nillisecond.l in sddition to the differentiated

" .calorimeter trace., NRL obtained direct time-intensity traces with
bolometers, which have & time resolution of less than 50 micro-
 seconds and resolve the first thu-nl pulse. The NRL traces ensble
the deternination of the time of the minimm, as well as the shape
of the second pulu |

<. Forthcpmouofdsbuﬂnhgthosulinghtimof
the thon-.'l.puue, thetinoc of the minimm and the leeondmﬁm
were selected frm the tim-intmity reetmll

d. Figure 2 gives the timé of the minimm plotted against |
rsdiochemical weapon yield for yields ranging from 1 KT to 10 MT.
The curve vas based on HRL data for Operations GREENHOUS!

'm.
. SNAPPER, apd IVY. The maximm deviation of data from the curve with
.tinmm-thnmpccmtwerthcmtmnMrmge The
slope of the curve is 0.5. The dats used inclnde tower as well as
. .air durst data. Itilconeluﬂndthatthetimotthanimmscnes
| utﬁe square root of the yleld for any size air burst and for near
'drmns,wbymmu.

e. NADL EUSTRR, TUMBLER, and IVY data vere used along with
NRL TUMBLER and IVY data to determine the variation of the time of the
second maximm vith yield, given in Figure 3. This curve shovs that
“the time of the maximm also scales as the square root of the yleld
for air bursts and near air dursts of 10 KT or greater, and for large

yisld surface bursts as well. The 2ata showa in Figare 3 show that
. u
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ST
vfwoiﬁcafthcmw”ofw(morm), the
-ummtmuln-mnmmcm,mmmLtm-ua
o be consistently lower than NRDL's, Since this difference in
systems has not been resolved, the curve 1s drsvn between the two
 sets of data. The presently svailsble data for air bursts of less
thinlpﬂﬁddmwﬁmesnrﬂytypiédofopentiomlmpon
‘charscteristics. Although the total energy emitted in these low
yield detcnations sppeared to scale, an extenled thernal pulse and &
'wmmwmunnmmnorwmm It has
been postulated that thesechnngumedneto the high mass to yleld
ratio, which was characteristic of these particular devices, It is
upo_el:dtlnt the lctlinglm given forair'bnratsnynpplyto‘very
smll yield weapons of an operational design. |
f. A nubder of intensity-time traces from doth agencies,
for air bursts wane'nem ranged from 14 KT to 10 MT, were plotted
in the form: I/I,y Vs t/tm: to determine a generalized shape of
the second portion of the thermal pulse, after the minimm.
8- P:lgm b shows the pormalized curve of the thermal pulse
for any yleld air burst. The accuracy of this curve in I/I,. is
estimated to e 815 per cent. |

h, If the scaling of intensity and time are knowm, the

# I, rediant intensity, c&l/cn -sec.
» BAxizum rediant intensity, cal/cm®-sec.
t, 1.- !nterval after detonation, seconds,
taaxs time of the maxizum intensity, seconds.
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Figure 4 NORMALIZED PULSE SHAPE




SELAET
norcalized curve may be used to drav s generéliied time-intensity
curve for any yleld weapon, mtemorm"matu" It has been
vell established t.hat time acalu as the square root of the ntio
of the yields. _ The scaling of the maximm mtenslty has been studied,
but due to the scatter of the data it is still somevhat temous, For
planning purposes, it is recommended that square root scaling be used
for the intensity, with the understanding that this is subject to
change as more data become avallable, The generalized curve is
give’nin Figure 5. | |

3. Spectral Distribution

a. .Since the'respbnse of most targets to thermal radiation
is dependent upon the wave length of the radiation, as well as the
" intensity and total energy incident, a contimuing study has been
made of the spectral chnacferistiés of theml emiasion.
| “'6. IRL has measured energ;f -distribution in the ultraviolet
‘and visible with syectq@;phs vhich have a 5% resolution at time
intervals of 200 microseconds for GRERNHIOUSE and TUMBLER-SNAPFER
and 2000 microseco‘nds at IVY.V NRDL has measured the energy in five
‘broad spectral &gions: <22 to B.Sm; .36 to 2.5,; .53 to 2.5, ;
.Eh to 2.5p; and .95 to 2.5, integrated with time througho.t the
-pulse. IRDL has alao measured the time variation of energy dis-
triduted in these bdands. UCLA made detailed spectral studies of the_
variation of radiant flux density with time at several wvave lengths
and in several vave bands, At Cperation IVY measurements were made

at four wvave lergths: .33, &3, 75, and 95k, ard in tvo vave
tands: .35 to 2.6, and 9L to 2i-3 M. At TUYBLER-SNAPPER
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o
(Shots 7 and 3), measurenents momdc at five wave lengths: .35,
y o555 o5, and 95 4. -

c. . The shape of the integrated curve.of energy density as
& function of wave hnsthm compared with bdblack body curves, as
deternined by Planck's equation, for various temperstures. HRL
found that the shape of the curve in the ultraviolet, beyond the
Mmcut-oﬂpomt, and in the visible, for a givem burst,
could de fitted to & dlack body curve for a specific temperature.
Thus, & temperature muu-wmmmuz&mmm,
lﬂfhhtqmmhulledthc'eo]mtm The NRDL

| and UCLA results provided some additional data on distribution in
the infrared which, in general, supported the NRL data. A color
temperature vas thus assigned to each detonation. The temperatures

" are given in Teble IT. Itmconcludedthhtﬁag@r&lrulethe
average color temperature for air bursts is 6006°K ¢500°. The

| effect of mtroducing nass :I.n excess of the air into the fireball is
to lower the awerage surface tuperature Tower shots and surface
shots are affected by the earth and material of the tower taken into
the fireball. The aversge temperature for a surface burst is around
3000° X, and for a tower shot, usually between 3000 and 6000°K.

4. For an air burst, 55 per cent of the bdomb's thermal
rediation erergy is in the ultraviolet and visible, (.3 to .T5p ),
and A5 per cent in the near infrered, (.75 to 3p). For a surface
burat, 12 per cent is in the viasible and &3 per cent is in the

infrered,
18




.TABLE II

COLCR mmmms- FOR VARIOUS ATOMIC DETONATIONS

_ Color Temperature, X
g Type of
Shot Burst — RRL RRUL TCIX
Dog Tower 500
Easy Tower - kooo
George Tower © 3000
Dog Air 6300
Basy Air 5600
TUMBLER- | 2 Air 5000
SNAPPER 3 Afr . 6000
5 Air 6000
T - . Tower k700 - _. : 5200
8 Tower 6000 | h200
i King Air 3300 ‘5250 '
" » Bquivalent black body temperatures.
19 | !
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K. 4

o; Itmb«nmm-havnthtthtmofthsw
color u-pontm in the Stefan-Boltzaan lav, %E& - c‘l‘ ’
unothmdtomwomulummmcm. m'
ﬂrcbdlndun‘owmmwofﬂnrdmo
ltthti.ofthﬂniu,mlupnodbylfutacfl.s. !hhil
an empirical rule of tiumb for the radius st the tize of the maximm
intensity. Its accuracy will not be known until an anelysis of late
fireball diamsters becomss available. Hovever, it will be moted
that the energy calculation by the Stefan-Boltzman lav is relatively
iusensitive to radmn errors as compared to color temperature which
appears as the fourth power. SMcmuwdmed&

temperature estimates 1. on:ly 10 per cent, ouch ca:l.cuhum are
at but only & rough check.

*

@, Stafan-Boltzman constant in ce.l/cna - 88 - (°k)".
to’ total duration of the thermal pulse,

DAIA .
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E = Total theraal energy, KT

¥ = Total weapon yield, KT

R » Maximm firedall radius, ca

. T = Absolute teaperature, °K

£ ® Tiwe interval after detonation, seconds
48 Duration of the thermal pulse, seconds
t.:-’nn ottﬁnnximintensity, seconds
I s Badiant intensity, eal/cuz-uc

Loy = Vexiwm intensity, cal/ca-ses

o= 135x 10712 cd/eaz-aoo-(%)‘




